Abstract-Two kinds of spikes, a single-spike unit and burst unit, were obtained by a glass suction electrode recording from neurons in Auerbach's plexus of the guinea pig ileum. Both spikes were inhibited by tetrodotoxin but not by Mn<SUP>2+</SUP>.
a glass suction electrode recording from neurons in Auerbach's plexus of the guinea pig ileum. Both spikes were inhibited by tetrodotoxin but not by Mn<SUP>2+</SUP>. Frequency of the single-spike unit was increased by nicotine and high concentrations of acetyl choline.
The single-spike unit induced by nicotine was inhibited by hexamethonium, while hexamethonium was without any effect on the spontaneous single-spike unit. Morphine inhibited the spontaneous single-spike unit.
The spontaneous single spike unit was also inhibited by a-adrenergic stimulants but not by &beta;-adrenergic stimu lants.
Inhibition of single-spike unit activity by the &alpha;-adrenergic stimulants was antagonized by &alpha;-adrenergic blockers. These findings indicate that the single-spike unit is concerned with cholinergic transmission in Auerbach's plexus. The single spike unit evoked by nicotine was partly inhibited by morphine or &alpha;-adrenergic stimu lants. This fact indicated the possibility that morphine and the &alpha;-adrenergic stimu lants also inhibit the acetylcholine release from the cholinergic nerve at the ending of the post-ganglionic fibres.
On the other hand the burst unit was little affected by the drugs utilized herein.
The effects of drugs on acetylcholine liberation from the ileum of the guinea pig have been extensively studied by many authors (1-11), however, pharmacological experiments on the electrical activities from neurons in Auerbach's plexus are rare. Recently, the elec trophysiological properties of Auerbach's plexus have received considerable attention.
The present paper describes the effects of some drugs on electrical activities obtained by a fine glass suction electrode recording from neurons in Auerbach's plexus of the guinea pig ileum.
MATERIALS AND METHODS
After sacrificing a male guinea pig (350 to 1000 g in wt.) by a blow on the neck, the longitudinal muscle with Auerbach's plexus was removed from a segment of the ileum and was slipped onto a rectangular Lucite holder. The holder was mounted in oxyge nated Locke Ringer's solution at 34--0.5°C in a 10 ml organ bath. A glass-suction electrode, having tip diameters of 30-100 It and resistance less than about 100 kiloohms, was set up so that it directly touched Auerbach's plexus to record electrical activities.
In order to record mechanical responses to drugs, the longitudinal muscle with Auer bach's plexus from the guinea pig ileum was suspended in a 10 ml organ bath filled with Locke Ringer's solution kept at 34±0.5'C and gassed with a mixture of 95% 0, and 5
CO2. Responses to drugs were recorded through an isotonic lever. Locke Ringer's solu tion used had the following composition: 154 mM NaCI, 5.6 mM KCI, 2.2 mM CaC12 2.1 mM MgC12i 5.9 mM NaHCO3 and 2.8 mM glucose.
All results are presented as the means of at least 5 experiments.
Drugs used
Agonists: acetylcholine chloride, BAY1470 (2-(2,6-dimethylphenylamino)-4H-5,6-di hydro-l,3-thiazine hydrochloride), d,1-epinephrine hydrochloride, 1-isoprenaline hydro.
chloride, nicotine bitartrate and d, l-norepinephrine hydrochloride.
Antagonists: atropine sulfate, hexamethonium bromide, manganese chloride, mor.
phine hydrochloride, phenoxybenzamine hydrochloride, propranol hydrochloride, tetrodo toxin and tolazoline hydrochloride.
Drug concentrations are expressed as g/ml of salts in the bath fluid. Note that both units were abolished by tetrodotoxin (TTX) but not by Mn'+ and that a large muscle spike having a longer duration was abolished by Mn" but not by tetrodotoxin. Note that the action of nicotine was inhibited by hexamethonium but not by atropine. Nicotine in a concentration of 3 x 10-6 g/ml considerably increased spike frequency, however, hexamethonium in a concentra tion of 3 x 10-6 g/ml blocked the action of nicotine and was without any effect on spontaneous spikes (Fig. 3) . The action of nicotine (3 x 10-6 g/ml) was not reduced Note that the action of the (r-adrenergic stimulants was abolished by the cr-adre nergic blockers.
Fic. 6a. Antagonism between norepinephrine and nicotine in electrical activity. Nc : nicotine, Norepi : norepinephrine, calibrations : 20 PV and 1 sec.
Since atropine (10-" 91 /nil) was without any effect on the spike induced by nico tine, atropine (10' g/ml) was added to the bath fluid to abolish local movement of the smooth muscle produced by nicotine. Note that norepinephrine and morphine inhibit the spontaneous spikes but partly inhibited the spikes induced by nicotine. by 10-6 g/ml of atropine which was concentrated enough to block muscarinic action (Fig. 3) . Morphine in a concentration of 3 x 10' g/ml blocked spontaneous spikes (Fig.  4) . Epinephrine (3 10-' g/ml), norepinephrine (l0_' g/ml) and BAY1470 (3 x 10-' g/ml) , one of a-adrenergic stimulants (12), decreased spontaneous electrical activity. The inhibi tory action of the ce-adrenergic stimulants was antagonized by a ,-adrenergic blockers, such as phenoxybenzamine (10_6 g/ml) and tolazoline (10-° g/rnl) but not by a (3-adrenergic blocker, propranolol (up to 10-6 g/ml) .
These are shown in Fig. 5 . Isoprenaline was found to be .with out any effect on the spontaneous spikes in concentrations up to 10-6 g/nil (Fig. 4) Note that nicotine and morphine had almost no effect on the hiirst unit Effects of a-adrenergic stimulants and morphine on the action of nicotine were examined. In these experiments, atropine (10-s g/ml), which was without any effect on the spikes induced by nicotine, was added to the bath fluid to abolish move ment of the ileum produced by nicotine.
The spikes induced by nicotine (3 10-6 g/ml) were partly inhibited by the a-adre nergic stimulants, norepinephrine (10-` g/ ml) and BAY1470 (3 x 10-7 g/ml) and morphine (10-5 g/ml) ( Fv'periiilciits on I/ic burst unit Burst activity was little or only slightly modified by acetylcholine (10-6 g/ml), atropine (10-° -/ml), nicotine (10-6 g/ml), hexamethonium (3 x 10` g/ml), morphine (10-' g/ml), norepinephrine (10` g/ml) and epinephrine (10` g/ml). Some of the observations are demonstrated in Fig. 7 .
DISCUSSION
Since the single-spike unit and burst unit described in this paper were abolished by tetrodotoxin but not by Mn2+, it can be said that the both units were due to excitation of neurons in Auerbach's plexus. Clear differences between the single-spike unit and burst unit in pharmacological properties were observed herein.
As acetylcholine and atropine, in high concentrations, slightly modified the electrical activity of Auerbach's plexus, cholinergic transmission in Auerbach's plexus is mainly controlled through the nicotinic receptor but not through the muscarinic receptor.
McDougal and West (13) have found that the contraction produced by nicotine is reduced by catecholamines which have little effect on the contractions by acetylcholine or histamine and the inhibition of the nicotine contraction by catecholamines is also an tagonized by a-adrenergic blockers. They have suggested, on the basis of these findings, that catecholamines depress transmission in the ganglionic synapses within the enteric plexus. Recent histochemical studies utilizing fluorescence microscopy have also indicated the possibility of depression of ganglionic transmission by sympathetic transmitter (14 16) . In this study, the spontaneous spikes from Auerbach's plexus were inhibited by ce adrenomimetics but not by fl-adrenomimetics and the inhibition of the spikes by the a adrenomimetics was antagonized by a-adrenergic blockers. These facts indicate that transmission in Auerbach's plexus is controlled through a-adrenergic receptors. Re cently, Ohkawa and Prosser (17) have reported that adrenaline and noradrenaline have an excitatory effect on the enteric plexuses of cat intestine, which was blocked by phenoxy benzamine and phentolamine, but not by MJ1999. The excitatory effect of the a-adrenergic stimulants on Auerbach's plexus of guinea pig ileum was not observed by the present au thors.
It was reported by Schauman (2), Takagi and Takayanagi (4) and Paton and Vizi (9) that acetylcholine release from the coaxially stimulated ileum of the guinea pig was re duced by morphine and a-adrenergic stimulants, but not by hexamethonium. The present study has also demonstrated that morphine and the a-adrenergic stimulants inhibit the spontaneous single-spike unit but partly depress the spikes evoked by nicotine. The re sults obtained by Schauman (2), Takagi and Takayanagi (4) and Paton and Vizi (9) as well as those in the present study suggested the possibility that morphine and the a adrenergic stimulants inhibit the cholinergic transmission at Auerbach's plexus and also at the ending of the post-ganglionic fibres.
It was reported by Yokoyama (18) that nerve spikes from the rabbit Auerbach's plexus were extremely sensitive to hexamethonium.
On the other hand, Wood (19) mentioned that the spontaneous spikes from Auerbach's plexus of the cat were not blocked by hexa methonium.
Since hexamethonium inhibited only the spikes produced by nicotine but not the spontaneous spikes observed in the present study, hexamethonium appears to compete with nicotine at the receptor.
Pharmacological properties of the single-spike unit in this paper appear similar to those of the "first action potential" obtained from the myenteric plexus-longitudinal muscle preparation of the guinea pig ileum reported by Kosterlitz and Lydon (20) . It can be said from the observations in the present study that the single spike unit is concerned with cholinergic innervation in the guinea pig ileum.
As the physiological role of the burst unit is hardly affected by drugs very little information is available.
